Stereoselectivity was found during the coupling reaction, to form 2',5'-and 3',5'-llnked dl-and trladenylyl methylphosphonate. The configuration of phosphorus was determined by 1 HNMR NOE.
HNMR NOE.
Oligonucleoside methylphosphonates have some interesting physical and biochemical properties including their resistance to hydrolysis by nucleases and their ability to penetrate cell membrane. A series of syntheses for methylphosphonate analogs of oligonucleotides have been reported (1-4).
Obviously, the substitution of methyl for hydroxyl in the internucleotide bond results in diastereomeric character of this type of molecules, which should cause different biological behavior. The ability to form a double strand with complementary oligodeoxynucleotide depends significantly on the stereochemistry of the methylphosphonate unit as shown by Stec (5) . Noble reported that an oligodeoxynucleotide having one methylphosphonate moiety in the backbone, different binding and regulatory effects in the lac-repressor/operator system was illustrated (6) .
Therefore, it is necessary to establish a stereospecific synthesis and a practical method which will lead to an unambiguous determination of configuration of phosphorus in these molecules. To date, a stereospecific synthetic approach was reported for the TpT dimer and homopolymer (7, 8, 9) . Another approach was published with different nucleosides (10). All the above authors focused on the syntheses of deoxyribonucleoside methylphosphonate derivatives. A few efforts were made on the preparation of ribonucleotide derivatives. Recently, Marugg etal. described the synthesis of nucleic acid methylphosphonates via the 1-hydroxybenzotriazole phosphotriester approach and have successfully prepared ribonucleotide derivatives (11) . We have reported the synthesis of methylphosphonate analog of 2'-5'A core by using CH3P(O)C1 2 as the coupling reagent and a mixture of diastereoisomers was obtained (12) . Since the chirospecific synthesis and stereochemistry of ribonucleoside methylphosphonate are much more attractive goals, we use methyl-O,Obis(l-benzotriazolyl)-phosphonate as the coupling reagent to the synthesis of 2',5'-and 3',5'-linked di-and triadenylyl methylphosphonate (13) .
The adenosine derivative 1 was treated with methyl-O,Obis(l-benzotriazolyl)phosphonate in dioxane at room temperature for 4 h to give 2'-methylphosphonate 2 in 98% yield. Without isolation 2 was reacted with adenosine derivative 3 in pyridine in the presence of N-methylimidazole at room temperature for 24 h to give diadenylyl methylphosphonate 4 in 63% yield. 'H and 31 P NMR indicate that compound 4 is a mixture of diastereoisomers which can not be separated by TLC or HPLC. After removal of the MMT group, compound 5 was obtained from 4, and 5 was separated to give 5a and 5b in the ratio 11:89 by centrifugal TLC (silica gel, solvent system: CH 3 OH:CHC1 3 = 0.5:100). 5a and 5b show the same molecular weight by FAB-MS (1229(M + +1)) and the presence of same types of proton with slight differences in values in 'H NMR spectra. In their 31 P NMR spectra, peaks of 5a and 5b appear at 33.01 ppm, J P _ H 17.7 Hz and 32.89 ppm, J P _ H 17. 7 Hz respectively. The above data indicated that 5a and 5b are a pair of diastereoisomers. In the same way, a pair of diastereoisomers of 3',5'-linked diadenylyl methylphosphonate 6a and 6b were obtained in 70% yield. The ratio of 6a to 6b is 74:26. (Figure 1 ).
More interestingly, starting from the isomer with lower Rf value of 2',5'-linked dimer 5b, only one diastereoisomer of trimer 7 was obtained in 37% yield and 60% of starting material 5b was recovered. After deprotection, 8 was obtained.
Using the same procedure, a pair of diastereoisomers of 3',5'-linked trimer 9 and 11 was obtained from 6a in 41 % yield, the ratio of 9 to 11 is 72:28 (Figure 2 Table 1 ). In order to determine the configuration of the phosphorus atom in these dimers and trimers, 'H NMR NOE technique was applied (14, 15) . To compounds 5a, 5b, 6a, 6b, 9, 11, the protons of P-CH 3 in dimer 6b shows NOE effect on the H 3 ., of A^ unit and NOE effect between P-CH 3 of 6a on H,., of A^p unit and H 5 -, of pA 1 unit is observed. The similar phenomenon is also observed in 5b. When P-CH 3 of 5b is irradiated, an NOE effect on H,<, of A 2 p unit and H 5 ., of pA 1 unit is obtained, but there is no such NOE effect in 5a. Apparently, the presence of bulky tbutyldimethylsilyl group at 2' or 3' position in the molecules, the rotation of phosphonate chain at the adjacent C atom is somewhat hindered and adapts its favorable conformation. From the molecular model of favorable conformation (Figure 3 ), 5b and 6b are assigned S form and 5a and 6a are R form. Using the same technique, 3',5'-trimer 9 and 11 are proposed RR and RS respectively. Trimer compound 8 is obtained from 5b as the main product from the coupling reaction. It is reasonable to assume that the configuration of 8 is SS. The data of above compounds are summarized in Table 2 . Models show that in the 3',5'-linked dimer the methyl group in the Sp-isomer (6b) is close to the silyl group at the 2'-position and the adenine base therefore the formation of Rp-isomer (6a) as the main product would be expected. Also, isomer 10 of 3',5'-linked trimers with RpRp configuration being the main product could be explained. Similar reason can be applied to the synthesis of 2',5'-linked dimer. The difference in steric effects between methyl group and P = O to the t-butyldimethylsilyl group at 3'-position would favour the isomer with Sp configuration, i.e. 5b.
In an oligonucleotide the replacement of the phosphodiester moiety by a nonionic methylphosphonyl group results in a chiral center at the phosphorus atom, to our knowledge, there is no rule to predict the ratio of two diastereoisomers. In our the present case, however, the yield of one isomer is much higher than the other one, the stereoselectivity is more obvious. It is suggested that the stereoselectivity during the coupling reaction is caused by the steric effect of different functional groups and by the different stacking of bases in 2',5'-and 3',5'-linked ribonucleotides.
EXPERIMENTAL
TLC is conducted on silica gel F254 by developing with CHCI3/CH3OH. The column chromatography is performed on silica gel (200-300 mesh, purchased from Qing Dao Chemical Company, China). 'H, 31 P NMR spectra are recorded with a VXR 300 spectrometer, with TMS as internal standard or with 85% H3PO4 as external standard. UV spectra are recorded with a DU-7 spectrophotometer. A ZAB-HS is used for fast atomic bombardment (FAB) mass spectra (glycerol matrix). Evaporations are carried out under reduced pressure with the bath temperature below 40 c C.
at room temperature for 4 h to give 2'-methylphosphonate 2 in 98% yield, then in situ 2 is coupled with 5'-hydroxyl adenosine derivative 3 (1.2 mmol) in 5 ml of pyridine in the presence of N-methylimidazole (5 mmol) at room temperature for 24 h. After solvent evaporation, the residue is chromatographed on silica gel column and eluted by CH 3 OH and CHC1 3 to give diadenylylmethylphosphonate 4 in 63% yield. >H and 31 P NMR indicate that compound 4 is a mixture of diastereoisomers which can not be separated by TLC or HPLC. 4 is treated with 5% TCA/CHCI3 at room temperature for 5 min to remove MMT group, the reaction mixture is diluted with CHC1 3 , washed by 10% NaHCO3, H 2 O and dried over anhydrous N^SO,. After removal of solvent, 5 is subjected to centrifugal TLC (Silica gel, solvent system:CH 3 OH/CHCl3, 0-0.5%) to give 5a (8.5 mg) and 5b (68.9 mg) in the ratio of 11:89. Protected 3'5'-diadenylyl methylphosphonate (6a, 6b). 3',5'-Dimers(6a,<5£) are prepared by condensation of 13 and in 3 the same way as described above for the synthesis of. 2',5'-triadenylyl methylphosphonate 8 2(1 mmol) is coupled wim 5b (1 mmol) in the same way as described above. Only one diastereoisomer of trimer 7 is obtained in 37% yield by centrifugal TLC. Compound 7is deblocked with concentrate ammonia at room temperature, after evaporating off die solvent in vacuum, the residue is reacted with B114NF (1.0 M/THF) at room temperature over night. After taking off me solvent, 5% TCA/CHC1 3 solution is added to the residue to remove the MMT group. The reaction mixture is diluted with CHCI3, and washed with saturated NaHCO3 and water. The aqueous layer is concentrated in vacuum, the crude product is applied to column of DEAE-cellulose (D-32). The column is eluted with a linear gradient of 0.005-0.01 M NH4HCO3 buffer. The last main peak is concentrated and applied to a Dowex 50x2-200 column (1.5x10 cm, Na + ) which is eluted with H 2 O, the appropriate peak is concentrated and further purified by TLC (silica GF^, 20x20 cm, CHC1 3 2'-t-Butyldimethylsilyl 3',5'-triadenylyl methylphosphonate 10,12. Using similar procedure 13 (1 mmol) is condensed with 6a (1 mmol) to give a mixture of 3',5'-triadenylyl methylphosphonate. The mixture is separated by silica gel column chromatography and eluted with CH3OH/CHCI3 to give 9 and 11 in a total yield of 41 %. 9 or 11 is treated by cone. NH4OH and 5% TCA/CHCI3 to remove Bz group and MMT group respectively in the same way as described above. The crude products are purified on a silica gel column(CHCl3:CH3OH = 5:1). The partially deprotected triadenylyl methyl phosphonates 10 (271.8 mg) and 12 (105.7 mg) are obtained respectively. The ratio of 10 to 12 is 72:28. 
